ASSTRACT.--The incidental catch of seabirds in high-seas drift nets was recorded in 1990-1991 by scientific observers on commercial squid and large-mesh fishery vessels operating in the North Pacific Transitional Zone. Twenty-six Synthliboramphus murrelet deaths were recorded in the months of August through December. All but one were from the Korean squid fishery in a small area bounded by 38ø-44øN and 142ø-157øE. Five specimens of the dead birds were collected and later identified as Japanese Murrelets (S. wumizusume). As fishing effort was widely distributed over a large area east of Japan, these data suggest that postbreeding Japanese Murrelets migrate north to winter in a relatively small area southeast of Hokkaido, where persistent eddies form at the confluence of the Oyashio and Kuroshio currents. Fronts between cold Oyashio water and Kuroshio warm-core eddies promote the aggregation of zooplankton and pelagic fishes, which in turn may attract murrelets during the nonbreeding season. The estimated total mortality of Japanese Murrelets in high-seas drift-net fisheries represents a significant proportion of the total world population of this rare and endangered species.
We report here on the bycatch of Synthliboramphus murrelets in these five drift-net fisheries, and document the first confirmed bycatch of Japanese Murrelets in drift nets. We assess the potential impact of this bycatch on populations, and consider the geographic distribution of bycatch records as it relates to postbreeding dispersal behavior and regional oceanography.
METHODS AND STUDY AREAS
Scientific observers were placed aboard high-seas fishing vessels from Japan, the Republic of Korea, and Taiwan (the Republic of China Five specimens of unidentified murrelets were salvaged in 1990 and 1991 and sent to the Burke Museum, University of Washington, Seattle. Subsequently, they were identified as Japanese Murrelets. The specimens were prepared for the museum collection, stomach contents were preserved, and condition of the gonads, bursa, and body fat were recorded. We extrapolated the total number of murrelets killed from numbers observed in nets using a simple ratio estimate (Cochran 1963). In extrapolating total bycatch, we used only fishing effort and observations in an area bounded by 36ø-45øN and 141ø-147øE (Fig.  1) . This limit is based on the approximate range of murrelet bycatch near Japan (Fig. 1) . We excluded much of the large eastern drift-net fishing area (Fig.  1) to avoid overestimating the bycatch of murrelets. We assumed that the five murrelets caught between 152ø-157øE were Ancient Murrelets (see Results). Five different drift-net fisheries were monitored during 1990 and 1991, mostly in an area (Fig. 1) Based on postcruise debriefings and examination of photographs, all these specimens were later categorized as unidentified Synthliboramphus murrelets by P. Gould (Table 1) ing that all the unidentified birds caught were Japanese Murrelets, then as many as 417 may have been killed in 1990. This upper estimate is probably too high because it seems likely that a few of the birds were Ancient Murrelets. Similarly, between 40 and 160 Japanese Murrelets may have been killed in 1991 (Table 4 ). Summedmonthly-ratio estimates yielded slightly lower total bycatch estimates (Tables 3 and 4 ). We prefer the unweighted annual estimates, however, because the low frequency of bycatch records weakens the extrapolation for individual months in which an increased observer effort would likely have yielded bycatch records (e.g. October 1990).
If we assume a total population of 4,000 birds, an annual bycatch of 40 to 417 birds, and an adult to immature ratio of 3:2 in both the pop-ulation and the bycatch (Table 2) (41ø-45øN and 152ø-157øE) well away from the coast of Japan (Table 1 and Fig. 1) . The 16 murrelets recorded west of 147øE were taken from August through December in surface waters ranging from 13.8 ø to 22.8øC.
Recovery location
The five voucher specimens of Japanese Murrelet were randomly selected (Table 1) from the total of 21 specimens recorded near Japan; moreover, the five specimens tentatively iden-titled as Japanese Murrelets were from the same area. Therefore, it seems likely that most or all of the remaining 11 birds also were Japanese Murrelets. Based on limited knowledge of distribution patterns, the other five specimens (i.e. those recovered south of the Kuril Islands; Fig.  1) were more likely to have been Ancient Murrelets (Brazil 1991, Gaston 1992) . Indeed, two of these birds were tentatively identified as Ancient Murrelets at the time of collection. Kuroda 1955, Brazil 1991) . Japanese Murrelets are warmwater seabirds, and breeding is restricted to southern areas of Japan. The netbycatch records reveal, however, that postbreeding birds move northward to overwinter in a well-defined area southeast of Hokkaido (Fig. 1). The region west of 147øE, between 38øN  and 42øN, We recognize the uncertainty of our total bycatch estimate based as it is on a sample of 26 identified specimens. We know the area also is used by wintering Ancient Murrelets (Brazil 199 I) and, in fact, two specimens collected there in November and December were tentatively identified as Ancient Murrelets. In any case, we have confidence in the overall extrapolation because murrelets were not taken in just a few bycatch episodes, which can lead to overestimation of total bycatch in aggregated species (Piatt and Nettleship 1987). Rather, bycatch occurred on at least 18 different occasions over five months, suggesting a low but persistent rate of mortality.
Gill-net mortality may be contributing to a decline in the Japanese Murrelet population. Besides the mortality from gill nets, oil pollution that reportedly kills large numbers of Ancient Murrelets (e.g. Kazama 1971) also may be affecting Japanese Murrelets. Predation from introduced predators appears to be another serious mortality factor at colonies (Higuchi 1979, Takeishi 
